Aiming at the problems of slow processing speed and unstable printing quality in the current FDM desktop 3D printer with single chip microcomputer as the core of motor control, this paper designs a 3D printer motor control system based on DSP for FDM desktop 3D printer. Using the TMS320LF2407A chip of Texas instruments as the control core, the two -phase four -wire stepping motor is controlled element, L297 / 298 is the motor controller, and the photoelectric travel switch is added. And the software control system of motor control is designed, the hardware and software system collocation test result are very good.
Introduction
3D printing, also known as rapid prototyping and adding material manufacturing, is a " bottomup" manufacturing method, compared with the traditional material removal -cutting technology, which does not require the traditional tools and fixtures and multi-channel processing procedures, in a device can quickly and accurately create any complex shape of parts, thus realized the part " free manufacturing ", solves many complex structural parts forming, and greatly reduces the processing procedures, and shortens the processing cycle. At present, the common 3D printing technology includes: 3DP technology, FDM fused deposition molding technology, SLA / DLP light curing technology, SLS selection laser sintering technology, UV ultraviolet forming technology, etc, the application is divided into industrial level and non -industrial level, the FDM desktop 3D printer described in this paper belongs to the non -industrial level. At present, the motor control and drive of this kind of printer is based on the simple integrated whole machine control system, and the problems such as low printing speed and easy to be interfered by the low frequency of working frequency are easy to be broken, and the printing layer is not uniform, and the occurrence rate of interlaminar crack defects is high. Therefore, this paper designs the motor control system of the FDM desktop 3D printer based on DSP.
System Design

Chip Modeling and System Design
The 3D printer's motor requires fast speed, sensitive and accurate control, and DSP application in the control system, its relative high-speed data calculation ability makes it have a higher sampling speed than the ordinary processor, so it brings better and more complex signal processing ability, and can also issue more commands within the same time. The Texas instruments company is specially designed for the motor control of the TMS320LF2407A chip, the chip integrates the core of the DSP controller and many microcontrollers, so that it has the function of the traditional processor and control chip, and has the following characteristics:
(1) Using the CMOS technology with higher performance, the use of voltage drops, the power consumption also decreases, the execution speed is improved, and the real-time control ability is greatly improved.
(2) The FLASH memory of the chip is 32K bytes, the data / program RAM reaches 1.5K bytes, DARAM is the dual-port RAM reaches 544 bytes, and SARAM is a single port RAM to 2K bytes.
( The following figure 1 shows the principle frame diagram of the TMS320LF2407A chip pin and control system used by the system, the system frame is composed of five parts: DSP processor, motor and drive module, encoder module, power supply and watchdog reset module and input / output module. When the system is running, the speed and position of the motor is controlled by the pulse signal generated by the input / output module, and the encoder is responsible for sampling the running state of the motor according to the cycle, feedback signal to the DSP processor, and display the state on the output module to realize the control of the motor. The watchdog reset module is responsible for the normal operation of the adjacent system. 
Motor Drive and Control Circuit Design
This paper selects the two-phase hybrid stepping motor as the control element, and uses the L297 chip of SGS company as the motor controller, L298 chip as the motor controller, as shown in figure 2 below is the motor control principle diagram composed of these two chips, wherein the DSP processor will (forward / reverse ) signal and trigger pulse signal output to the L297 for control. In the circuit, the L297's CW/ is connected to the control port of the DSP control chip, the DSP chip controls the CW/ by the high-low level of 1 and 0, and then the forward and reverse of the motor is controlled; Through the pulse signal descent control input to control the motor rotation, D1 -D8 is fast recovery regulator tube, followed by stepper motor.
Design of Motor Travel Switch Control Circuit
The FDM desktop 3D printer relies on the advance and retreat of the motor to control the forming size of the product, so the stroke control of the motor is one of the key points of the motor control. The traditional mechanical stroke switch has disadvantages such as slow response, poor precision and short life, etc, the photoelectric travel switch controller is selected in this paper, as shown in figure 3 below, the motor travel switch control circuit schematics, the use of the photoelectric travel switch control volume small, high control precision, fast response and strong anti-interference ability. In the circuit, the switch is placed in the zero position of the various axis movement, when the motor control shaft moves towards the zero point, the block fixed on the shaft is run into the grating of the photoelectric travel switch controller, and the light of the diode is blocked off, then Q1 turns on the out port to output a low-level signal, and the controller controls the forward or reverse direction of the motor through the signal judgment port, so as to control forward or backward.
Software Design of Motor Control System
The motor control system is independent of the whole control system of the 3D printer and has the interface with it. this paper describes the design of the motor control system separately. The software of motor control system is mainly realized in two aspects: (1) system initialization, that is, the motor and the initialization of each variable; (2) judgment input and execute.
Because of the design reason of stepping motor cannot be started directly at the desired work speed, so its start-up to stop operation needs a process of acceleration-constant speeddeceleration, in which the speed control is realized by the pulse frequency of the motor control system. After the output printing data of the FDM desktop 3D printer system, the motor control system receives and calculates the total number of steps (including the acceleration steps, constant speed steps, deceleration steps) and the direction of the stepper motor. After the program judgment, the DSP chip is sent out to control the positive / reverse of the motor. The running flow diagram of the motor control program is shown in Figure 4 below.
Experimental Results
As shown in figure 5 below is the experimental prototype and the 3D model being printed, from the diagram, the printing effect of the prototype can be seen to meet the requirements.
Conclusion
In this paper, based on the DSP chip TMS320LF2407A as the core, design and manufacture the hardware and software of the FDM desktop 3D printer motor control system based on DSP, with L297 and L298 as the motor controller, set up the photoelectric travel switch to improve the speed and efficiency of printing. The experimental results of the prototype show that the system runs stably, and print quality meets the requirements. 
